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METHOD AND IMAGING SYSTEM WITH
INTELLIGENT FRAME INTEGRATION

TECHNICAL FIELD

The present invention pertains to video and 1image process-
ing and 1n some embodiments to 1maging systems.

BACKGROUND

Many conventional video imaging systems use a frame
integration process to help reduce the effects of noise and to
help improve the resolution or the signal-to-noise ratio of an
image. These conventional systems work well under most
static scene conditions where there 1s little or no motion.
However, when the scene 1s moving, or when a portion of the
scene changes due to moving 1images or objects, these con-
ventional systems may generate motion artifacts, such as an
undesired smearing effect on the output 1image. In some situ-
ations, for example, when a bright target moves across a dark
background, the mtensity of the target may actually be low-
ered on the output display due to the averaging nature of the
integration process. The etfects of these artifacts make the
displayed video less acceptable, especially to the human eye.
In addition, these artifacts make 1t more difficult to detect
targets on moving images, especially on fast moving images.

Thus there 1s a general need for an 1improved imaging
system and method. There 1s also a need for an 1maging
system and method that reduces or eliminates artifacts caused
by moving objects while reducing the noise effects on sta-
tionary objects.

SUMMARY

An 1maging system disables pixel integration for image
pixels within frames that are identified as moving while
cnables pixel integration for image pixels that are identified as
not moving. The system may implement a frame-averaging,
type of integration or recursive types of frame integration. On
a pixel-by-pixel basis, the system may compare a pixel from
frame memory with a corresponding pixel of an mnput frame
and may disable pixel integration for the pixel when a differ-
ence between the compared pixels exceeds a threshold.
Changes 1n color and intensity between corresponding pixels
may be measured. One of the integration processes may be
performed on the pixels when the difference does not exceed
the threshold. When frame-averaging integration 1s selected,
a frame memory may store a prior input frame, and pixels
from a current frame are compared with corresponding pixels
of the prior input frame. When a recursive type of frame
integration 1s selected, the frame memory may store one or
more prior output frames, and pixels from the current frame
are compared with corresponding pixels of the one or more
prior output frames. When frame integration 1s disabled (e.g.,
for pixels having motion), a seli-integration may be per-
tormed with corresponding pixels from a current frame eflec-
tively resulting 1n no integration.

In some embodiments, the present invention may include a
target size discriminator which may i1dentify and detect
smaller moving targets on a display. In these embodiments,
the threshold level for motion may be varied along with an
integration factor to enhance the target’s hang time on the
display for improved target identification and detection.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

The appended claims are directed to some of the various
embodiments of the present invention. However, the detailed
description presents a more complete understanding of
embodiments of the present invention when considered 1n
connection with the figures, wherein like reference numbers
refer to similar items throughout the figures and:

FIG. 1 1s a sitmplified block diagram of an 1imaging system
in accordance with embodiments of the present invention;

FIG. 2 1s a functional block diagram of a frame processing,
system 1n accordance with other embodiments of the present
invention; and

FIG. 3 1s a flow chart of an intelligent frame processing
procedure 1n accordance with embodiments of the present
imnvention;

FIGS. 4A and 4B 1llustrate an example of a detector output
for one pixel 1n a steady-state scene.

FIG. S1llustrates displayed video of a scene with stationary
and moving objects in accordance with conventional imaging
systems; and

FIG. 6 illustrates the displayed video of the scene of FIG. 1
in accordance with embodiments of the present invention.

DETAILED DESCRIPTION

The following description and the drawings 1llustrate spe-
cific embodiments of the mmvention sufficiently to enable
those skilled in the art to practice it. Other embodiments may
incorporate structural, logical, electrical, process, and other
changes. Examples merely typily possible variations. Indi-
vidual components and functions are optional unless explic-
itly required, and the sequence of operations may vary. Por-
tions and features of some embodiments may be included 1n
or substituted for those of others. The scope of the invention
encompasses the full ambit of the claims and all available
equivalents.

The present invention provides an improved 1imaging sys-
tem and method. In embodiments, the preset invention also
provides an 1maging system and method that may reduce or
climinate artifacts caused by moving objects while still reduc-
ing the noise effects on stationary objects. In some embodi-
ments, the present mvention provides an imaging system and
method that may improve target detection for smaller moving
objects on a display.

FIG. 1 1s a simplified block diagram of an 1imaging system
in accordance with embodiments of the present invention.
Imaging system 100 comprises mput device 102, frame inte-
gration device 104, and output device 106. Input device may
be any video source and may generate a video output for
subsequent processing by Irame integration device 104.
Frame integration device 104 generates output frames and
provides the output frames to output device 106. Depending
on the particular embodiment, output device 106 may display
the frames or use the information in the frames 1n some other
way, as described below. In embodiments, the output frames
may have better resolution and/or an improved signal-to-
noise ratio (SNR) than the mput frames, at least for portions
of the frame that do not have motion, while motion artifacts
may be reduced or eliminated for portions of the frame that
have motion.

Integration device 104 may implement a {frame-averaging,
type of integration or recursive types ol frame integration, or
may refrain from performing frame itegration. On a pixel-
by-pixel basis, device 104 may compare a pixel from frame
memory with a corresponding pixel of an mput frame and
may disable pixel integration for the pixel when a difference
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between the compared pixels exceeds a threshold. One of the
integration processes may be performed on the pixels when
the difference does not exceed the threshold. When frame-
averaging integration 1s selected, a frame memory may store
a prior input frame and pixels from a current frame are com-
pared with corresponding pixels of the prior input frame.

When a recursive type of frame 1ntegration 1s selected, the
frame memory may store one or more prior output frames,
and pixels from the current frame are compared with corre-
sponding pixels of the one or more prior output frames. In
some cases, the frame memory may accumulate information
from more than one prior frame to form an accumulated
multi-frame equivalent, and the input frame may be compared
with the accumulated multi-frame equivalent. When frame
integration 1s disabled (e.g., for pixels determined to have
motion based on a threshold), a selt-integration may be per-
formed with corresponding pixels from a current frame eflec-
tively resulting 1n no integration for these pixels. The thresh-
old level for motion may be changed in real time to help
improve target detection and recognition.

In some embodiments, system 100 may include target size
discriminator 108 which may i1dentity and detect smaller
moving targets on mput device 102. In these embodiments,
the threshold level for motion may be varied along with an
integration factor to enhance the target’s hang time on the
display for improved detection. This 1s described in more
detail below.

In other embodiments, system 100 may be used to generate
videos, such as videos or movies for consumer viewing. In
these embodiments, input device 102 may be a video or movie
camera or other video source that generates video, and output
device may be a digital video disc (DVD) generator or com-
pact disc (CD) generator. In these embodiments, frame inte-
gration device 104 processes the video and provides
enhanced video to output device 106.

In other embodiments, system 100 may be part of a video
playing device, such as an analog video tape player. In these
embodiments, input device 102 may receive a video 1put
from a noisy video source, frame itegration device 104 may
process the video, and output device 106 may be a display or
storage device to display or store the processed video.
Accordingly, enhanced video may be achieved from existing
video sources.

In other embodiments, input device 102 may be a high-
resolution camera or imaging device, such as an infrared
sensor device, an RF sensor device, or a thermal imaging
device. In these other embodiments, the input device may be
located on aircrait, guided projectile or satellite, for example.
In one embodiment, system 100 may be located entirely
within a video camera. In one embodiment, the output device
may be a display or target detection device used to 1dentily a
target within a non-moving portion of the image. In some of
these embodiments, output device 106 may include an RF,
microwave, or infrared transmitter to transmit the output
video to areceirver at another location. In some embodiments,
the target may be a guided projectile or even a bullet.

In these various embodiments, the term video 1s used to
refer to any of the output signals provided by input device 102
which may be comprised of a sequence of frames comprised
of a plurality of pixels. In some embodiments, infrared, RF
and thermal data may be converted to visual (video) signals
by mput device 104; however this 1s not a requirement.

FI1G. 2 1s a functional block diagram of a frame processing,
system 1n accordance with other embodiments of the present
invention. Frame processing system 250 processes input
video frames comprised of pixels and generates video output
frames which may have an enhanced resolution or an
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improved signal to noise ratio (SNR) especially for non-
moving portions ol 1mages. In some embodiments, system
250 may provide improved resolution. The video output
frames generated by system 250 may also have reduced or
climinated motion artifacts for moving portions of 1images. In
embodiments, system 230 may help reduce or eliminate
motion artifacts resulting from frame averaging and/or other
frame integration algorithms allowing moving objects to help
maintain their normal shape and intensity. In embodiments,
system 250 may perform frame averaging and/or other frame
integration algorithms such as recursive type algorithms. Sys-
tem 250 may be suitable for use as frame integration device
104 (FI1G. 1) although other devices may also be suitable for
device 104 (FIG. 1).

In an embodiment, system 250 may perform a frame-aver-
aging type ol integration. System 250 may also perform
recursive types of integration, and in some embodiments,
may perform intelligent frame integration which refrains
from performing integration for pixels determined to have
motion. The motion determination 1s based on a threshold
level which may be set based on intensity changes and/or
color changes for corresponding pixels. In a multiple thresh-
old embodiment, system 250 may utilize one or more thresh-
olds to determine whether or not integration 1s performed for
a particular pixel, and may select different frame integration
averaging algorithms for the pixel based on the magnitude of
the pixel motion. Furthermore, system 2350 may change an
integration factor (K) for pixels on a pixel by pixel basis
depending on, for example, a level of motion determined for
a particular pixel. This 1s explained further below. In these
embodiments, the various thresholds and integration factors
may be dynamically or statically selected depending on the
operational environment of the system.

System 230 includes memory source select element 220,
pixel motion comparison element 222, frame memory 221,
threshold inputs 223, integrator source selection element 224,
integrator 2235 and frame detection and timing element 226.
Memory source selection element 220, pixel motion compari-
son element 222 integrator 225, and integrator source selec-
tion element 224 may recerve current input video frames 252
from an 1put device, such as device 102 (FIG. 1). Pixel
motion comparison element 222 may also receive intelligent
frame integration on/off input 254 and frame integration
on/off mput 256. Memory source select element 220 may
receive frame averaging select input 238. Inputs 254, 256 and
258 may be provided by a user or system controller (not
illustrated). Input 238 (i.e., frame averaging select) may also
be algorithm controlled on a per pixel basis (e.g., for a mul-
tiple threshold embodiment).

Frame averaging select input 258 may instruct system 250
to perform either a frame-averaging type of frame integration,
or a recursive type of frame integration. When frame-averag-
ing integration 1s selected, memory source select element 220
provides a video frame from mput video frames 252 to frame
memory 221 allowing a comparison between a pixel of a
current frame and a corresponding pixel of a prior 1nput
frame. When recursive frame integration is selected, memory
source select element 220 may provide accumulated multi-
frame equivalent 260 to frame memory 221 allowing a com-
parison between a pixel of the current frame with correspond-
ing pixels of one or more prior output frames. Frame memory
221 may store at least one frame’s worth of video pixels and
may be disabled by memory enable input 264 when system
250 1s not performing frame ntegration.

Pixel motion comparison element 222 may compare, on a
pixel by pixel basis, a pixel from an input frame of mnput video
252 with a pixel provided by frame memory output 268. The
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frame 1n memory may depend on whether frame-averaging
integration has been selected, or recursive frame integration 1s
selected. When frame-averaging integration 1s selected or
enabled, the current frame and prior frame may be mixed or
combined 1n 1ntegrator 225. When intelligent frame integra-
tion 1s selected or enabled, pixels may be determined to have
motion depending on at least one or more thresholds which
are provided by threshold mputs 223. Integration may be
performed for pixels that do not have motion which may be
indicated by motion output signal 265. For pixels having
motion, integration may be performed with the pixel from the
current frame video 252 being provided to integrator 225 by
integrator source selection element 224 effectively resulting
in no integration for that pixel determined to have motion.

In one embodiment, pixel motion comparison element 222
may provide a revised or updated integration factor 266 to
integrator 225 for a particular pixel. The revised or updated
integration factor may be based on the amount of motion
determined for that particular pixel and may be based on 1ts
relation to one of the thresholds. Thresholds may be defined
by operators or users depending on the operational environ-
ment of system 2350. In some embodiments, the thresholds
may depend on the particular integration algorithm used by
integrator 225. In some embodiments, the thresholds may be
varied for small moving objects as determined by a target size
discriminator.

Pixel motion comparison eclement 222 may provide
memory enable signal 264 which may disable frame memory
221 to reduce power consumption when frame integration 1s
not selected. Pixel motion comparison element 222 may pro-
vide motion output signal 265 which may indicate when a
pixel 1s determined to have motion when frame integration
and 1ntelligent frame 1ntegration are selected and the particu-
lar pixel exceeds a threshold. When frame integration 1s not
selected, motion signal 265 may also be provided to integra-
tor source selection element 224 to select current frame video
252. The integrator performs a seli-integration effectively
resulting in no integration.

In some embodiments, pixel motion comparison element
222 may provide itegration factor (K) 266 to integrator 225.
The integration factor may range from zero to one, and may
be constant or algorithmic. For example, the integration fac-
tor may be a function of the difference 1n pixel magnitude
between the mnput video and video 1n the frame memory.

Integrator source selection element 224 may act as a mul-
tiplexer and may recerve motion signal 265 from pixel motion
comparison element 222. When motions signal 263 1s a one,
a pixel from the current frame video 252 may be fed to
memory 221, otherwise output 260 1s fed to memory 221.
Selection element 224 may select a pixel from mnput video
frames 252 or memory output 268 for providing to integrator
225 depending on motion signal 265. Integrator 225 may
perform a pixel by pixel integration with a pixel from current
frame video 252 and a pixel provided by selection element
224,

Integrator 225 may scale pixels from current frame video
252 by the integration factor (K) and may scale pixels from
video input frames provided by selection element 224 by
(1-K). In some embodiments, the integration factor may be
held constant, while 1n other embodiments, the integration
factor may be provided by pixel motion comparison element
222. Integrator 225 may combine (e.g., sum) the scaled video
inputs to generate video output 260 which may be provided to
an output device, such as device 106 (FIG. 1).

In embodiments, pixel motion comparison element 222
may dynamically change the integration factor on a pixel by
pixel basis. In these embodiments, integrator source selection
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6

clement 224 may be eliminated and memory output 268 may
be provided directly to integrator 225. Frame detection and
timing element 226 may detect a start of a frame and provide
timing to the various elements of system 250.

In accordance with embodiments, for larger targets on a
display, such as output device 106 (FIG. 1), the use of intel-
ligent frame 1ntegration may eliminate or at least help reduce
motion artifacts which may be unpleasant to viewers. For
smaller targets on a display, the frame integration artifacts
may be desirable and may actually help with target detection.
For example, 1n the case of a small target (e.g., a few pixels)
moving across the display screen, the size of the target may be
only a couple pixels wide and may be very bright compared to
a sky background. With a frame averaging algorithm and
without the selection of intelligent frame integration, the tar-
get’s shape may be deformed (e.g., longer) and the intensity
may be cut i half. This may reduce target visibility, but
increases target display “hang’” time on screen. On the other
hand, when single threshold intelligent frame averaging 1s
applied, the target shape and visibility may be more normal,
but display “hang” time may be less than that when frame
averaging 1s applied. When recursive itegration 1s applied
the display “hang™ time may be greatly increased, however
the target shape may be compromised and target position may
be several frames delayed depending on the particular algo-
rithm. When increased target detection 1s desired, an
increased target “hang” time on screen may be acceptable and
may increase the target size so that a small objectmay be more
casily detected or better seen.

In embodiments, a multi-threshold intelligent frame 1nte-
gration system and a target size discrimination system 1s
provided. In one embodiment, a target size discriminator,
such as target sized discriminator 108 (FIG. 1) may detect a
small, bright target and may provide a signal to the multi-
threshold comparator (e.g., element 222), indicating a small
target, which may be treated different than a larger target. The
multi-threshold comparator may be configured such that
when target size discriminator 1s not on, motion/no motion
thresholds may be used and intelligent frame integration may
be applied to these pixels. When the target size discriminator
1s on, up to three or more levels of thresholds: motion/no
motion, small motion and large motion, may be used. When a
target has motion and motion 1s significant (e.g., target front
end), the integration factor may be increased so that the target
intensity and shape will be less compromised and intelligent
frame 1ntegration 1s performed. When target has less signifi-
cant motion and the magnitude 1s smaller than the previous
frame (e.g., a target tail end or sides), the integration factor
may be adjusted to mix in portions of previous frame data to
enhance brightness to elongate display “hang” time. In some
embodiments, frame averaging select signal 258 may be
selected on a per pixel basis so that a pixel 1s eflectively
switching to recursive type of integration to enhance the
display “hang” time. With variable integration factor 226,
some disadvantages ol recursive integration are reduced
allowing the shape and intensity of small target to remain
intact while increasing the display “hang™ time. When a target
1s traveling at an angle on the display (e.g., not purely hori-
zontal or vertical), the use of multiple thresholds may cause

the target to become larger making 1t easier for an operator to
detect.

Although systems 100 (FIG. 1) and system 250 (FI1G. 2) are
illustrated as having several separate functional elements, one
or more of the functional elements may be combined and may
be implemented by combinations of software configured ele-
ments, such as computing or processing elements including
digital signal processors (DSPs), and/or other hardware ele-




US 7,388,603 B2

7

ments such as programmable gate arrays, including field pro-
grammable gate arrays (FPGAs). For example, when proces-
sors or processing elements are used, processing elements
may comprise one or more microprocessors, DSPs, applica-
tion specific mtegrated circuits (ASICs), and combinations of
various hardware and logic circuitry for at least performing
the functions described herein.

Unless specifically stated otherwise, terms such as pro-
cessing, computing, calculating, determining, displaying, or
the like, may refer to an action and/or process of one or more
processing or computing systems or similar devices that may
manipulate and transform data represented as physical (e.g.,
clectronic) quantities within a processing system’s registers
and memory into other data similarly represented as physical
quantities within the processing system’s registers or memo-
ries, or other such information storage, transmission or dis-
play devices. Furthermore, as used herein, computing device
includes one or more processing elements coupled with com-
puter readable memory that may be volatile or non-volatile
memory or a combination thereof. Moreover, as used herein,
data refers to one or more storage data elements, which can
include portions of files, a single file, a file extent, a database,
a storage device partition, a volume, sets of volumes and the
like. The data need not reside on a single storage device and
may span multiple storage devices.

In some embodiments, the present invention provides a
computer readable medium having program instructions
stored thereon for performing the operations illustrated by
systems 100 (FIG. 1) or 250 (FIG. 2). In these embodiments,
the program 1nstructions (e.g., software or firmware) may
perform an intelligent frame integration procedure when
executed within a digital processing device. In embodiments,
the present invention may also provide an article comprising,
a storage medium having stored thereon instructions, that
when executed by a computing platiorm, result 1n an 1ntelli-
gent frame integration process. The storage medium may be a
computer readable medium and may, for example, be a com-
pact disc, a magnetic disc, or semiconductor memory.

FIG. 3 1s a flow chart of an intelligent frame processing
procedure 1n accordance with embodiments of the present
invention. Procedure 300 may be performed by {frame pro-
cessing system 250 (FIG. 2), although other devices and
systems may also be suitable for performing procedure 300.

In operation 302, the start of a frame 1s detected and pixels
of the frame may be identified. Operation 302 may, for
example, be performed by frame detector 226 (FIG. 2). The
start of the frame detected 1n operation 302 may be the start of
one frame 1n a sequence of frames.

In operation 304, at least one mnput pixel from the current
frame may be read. Operation 306 compares the pixels from
the current frame with a corresponding pixel from frame
memory 303 to determine when the difference exceeds a
threshold. When frame integration on/oif 256 (FIG. 2) 1s
de-selected, no comparison 1s needed and operation 306 may
be refrained from being performed. One or more thresholds
may be provided by threshold mmput 305. The comparison
performed by operation 306 may be a pixel by pixel compari-
son between intensities and/or colors of corresponding pixels.
In one embodiment, operation 306 may be performed by pixel
motion comparison element 222 (FIG. 2) which may generate
a motion signal when the pixel difference exceeds the thresh-
old. Operation 308 determines whether or not the motion
signal indicates motion.

Operation 310 1s performed when the motion signal does
indicate motion and operation 312 1s performed when the
motion signal does not indicate motion. Operation 310 per-
forms a pixel seli-integration in which, integration may be
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performed with current pixels rather than pixels from the
frame memory. This may elfectively result in no itegration
for pixels having motion.

In operation 312, an integration factor may be adjusted
before performing integration in operation 314. Per pixel
algorithmic control may have been applied and the integra-
tion factor may be adjusted on a per pixel basis. In operation
314, integration may be performed using the adjusted inte-
gration factor and a pixel from frame memory and a corre-
sponding pixel from a current frame.

Operation 316 may store input pixel 320 when frame aver-
aging 1s selected, and may store output pixel 322 when recur-
stve frame 1ntegration 1s selected. Operation 318 determines
whether an end of the frame has been reached. When the end
of the frame has not been reached, operation 324 repeats
operations 304 through 318 for other pixels of the frame.
When the end of the frame has been reached, operation 326
may repeat operations 302 through 318 for a next frame. An
output frame may then be provided to a display device, such

as device 106 (FIG. 1).

Although the individual operations of procedure 300 are
illustrated and described as separate operations, one or more
of the individual operations may be performed concurrently
and nothing requires that the operations be performed 1n the
order illustrated.

FIGS. 4A and 4B illustrate an example of a detector output
for one pixel 1n a steady-state scene. As illustrated in F1G. 4 A,
normal output 402 of a detector element for one pixel may
vary or bounce between values of three and four from frames
one through five as 1llustrated. Bias spikes at frames six and
seven may cause extra ripple at the detector output. The
detector may go back to normal after the bias settles. FIG. 4B
shows the effect of applying a two-frame averaging process to
the detector output. The process, for example, may take 50%
from the current frame and 50% from the prior frame detector
output and sum them together to generate video output 404,
which may be displayed. Accordingly, output video noise 1s
reduced. One problem with this process 1s that motion arti-
facts may be generated for portions of the image that are
moving. This 1s illustrated in the frame-to-frame activities
discussed below.

FIG. S1llustrates displayed video of a scene with stationary
and moving objects in accordance with conventional imaging
systems. At steady state 502, the detector may 1dentify circu-
lar target 504 and rectangular target 506. In this example, the
circular target remains still while the rectangular target moves
across the scene from left to right 1n frames one through four
and then stops. When there 1s noise on circular target 504 (1.¢.,
the itensity varies from frame to frame), the noise may show
up on detector output S08.

When the two-frame averaging process discussed above 1s
applied to the detector outputs, the noise on the circular target
504 may be reduced on target 504 and may show up on
display output 510 as a more-steady target when moving
across frames of display output 510. Rectangular target 506
may show up on detector output 508 at its normal shape and
intensity, however when motion occurs 1n frames one through
four, target 506 appears to be stretched (e.g., amotion artifact)
and 1t’s mtensity may be cut 1n half as 1llustrated by a wider
image 1n {rames one through four of display output 510.
When the motion ends after frame four, the motion artifact
may disappear on display output 510 and target 506 may go
back to i1ts normal shape and intensity.

In this example, rectangular target 506 may have an inten-
sity of, Tor example, say 4 times a basic intensity at steady
state, as well as 1n frames one through four of detector output
508. On display output 510, rectangular target 506 may have
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an intensity of, for example, four times the basic intensity at
steady state, and half or two times the basic intensity during
frames one through four due to frame averaging. In this
example, circular target 504, on the other hand, may have an
intensity which may bounce between a basic intensity and
three times the basic intensity on a per frame basis over
frames one through four of detector output 508 as well as at
steady state. On display output 510, circular target 504 may
have an intensity of, for example, two times the basic intensity
at steady state and during frames one through four. The use of
a number of times a basic intensity 1s not mtended to imply
any sort of maximum intensity. The intensity levels are used
tor illustrative purposes for comparison with other example
intensity levels.

FIG. 6 illustrates the displayed video of the scene of FIG. 1
in accordance with embodiments of the present invention.
FIG. 6 illustrates the same scene conditions as FIG. 3 1n which
an averaging or itegration process 1s applied to pixels that
may not be moving, such as pixels of target 604, while the
averaging or integration process 1s disabled for pixels of
targets that are moving, such as target 606 1n frames one
through four. Accordingly, for moving targets, motion arti-
facts may be reduced or eliminated while some of the noise
reduction benefits may be lost. As illustrated in FIG. 6, when
the frame-to-frame noise on circular target 604 does not
exceed the threshold, an integration process may be applied to
pixels associated with target 604. This allows circular target
604 to show up on display output 610 with noise reduced from
that on detector output 608. For rectangular target 606, the
integration process may be applied at steady state 602
because there 1s little or no motion. When the rectangular
target starts to move 1n frame one, areas 612 and 614 may
experience large scene changes which may be greater than the
motion threshold allowing the integration process to be dis-
abled for these pixels. Detector output 608 for frames one
through four 1n areas where target 606 transitions between
fields may be provided directly to display output 610 allowing
the rectangular target to maintain 1ts normal shape and inten-
sity without the generation of any motion artifacts.

In this example, similar to FIG. 3, rectangular target 606
may have an intensity of, for example, say 4 times a basic
intensity at steady state, as well as 1n frames one through four
of detector output 608. On display output 610 however, rect-
angular target 606 may have an intensity of, for example, four
times the basic intensity at steady state as well as during
frames one through four, thus 1llustrating the elimination of
motion artifacts. In this example, similar to FIG. 5, circular
target 604 may have an intensity which may bounce between
a basic intensity and three times the basic intensity from
frame to frame over frames one through four of detector
output 608 as well as at steady state. On display output 610,
circular target 604 may have an intensity of, (similar to FIG.
5), Tor example, two times the basic intensity at steady state
and during frames one through four.

Thus, an improved 1maging system and method has been
described. An imaging system and method that may reduce or
climinate artifacts caused by frame integration due to moving
objects while still reducing the noise eflects on stationary
objects has also been described. An imaging system and
method that may enhance small target display time has also
been described.

It 1s emphasized that the Abstract 1s provided to comply
with 37 C.F.R. Section 1.72(b) requiring an abstract that waill
allow the reader to ascertain the nature and gist of the tech-
nical disclosure. It 1s submitted with the understanding that it
will not be used to limit or interpret the scope or meaning of
the claims.

In the foregoing detailed description, various features are
occasionally grouped together 1n a single embodiment for the
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purpose of streamlining the disclosure. This method of dis-
closure 1s not to be interpreted as reflecting an intention that
the claimed embodiments of the subject matter require more
features that are expressly recited 1n each claim. Rather, as the
following claims reflect, inventive subject matter lies 1n less
than all features of a single disclosed embodiment. Thus the
following claims are hereby incorporated into the detailed
description, with each claim standing on 1ts own as a separate
preferred embodiment.

What 1s claimed 1s:

1. An airborne target identification system comprising:

a frame processing system to receive mput frames from an
input device and generate output frames for an output
device; and

a target size discriminator to determine a size of a target
within the mput frames and to change a threshold for
pixels that comprise the target based on the size of the
target and to adjust an integration factor used by a
selected integration process for integrating pixels that
comprise the target based on the size and motion of the
target,

wherein the frame processing system comprises:

a pixel motion comparison element to compare a pixel of a
current mput frame and a corresponding pixel from a
frame memory;

an integrator to perform the selected integration process on
the pixel of the current input frame; and

an 1integrator source selection element responsive to a con-
trol signal from the pixel motion comparison element to
provide the pixel from the current frame to the integrator
instead of the pixel from the frame memory when a
difference between the pixel of the current mnput frame
and a corresponding pixel from the frame memory
exceeds the threshold,

wherein when the difference does not exceed the threshold,
the integrator performs the selected integration process
using the pixel from the current input frame and the
corresponding the pixel from the frame memory to gen-
erate an output frame,

wherein when the difference exceeds the threshold, the
integrator performs the selected integration process
using the pixel from the current mput frame 1n place of
the pixel from the frame memory to generate the output
frame, and

wherein the changing of the threshold and the adjustment
of the integration factor by the target size discriminator
enhances the target’s hang time on the output device for
improved target 1dentification and detection.

2. The system of claim 1 wherein the selected integration
process 1s either a frame-averaging integration process or a
recursive-type mtegration process.

3. The system of claim 1 wherein when the selected inte-
gration process 1s a frame-averaging integration process, the
frame memory stores a prior input frame, and

wherein when performing the selected integration process,
the integrator integrates the pixel of the current frame
with a corresponding pixel of the prior input frame from
the frame memory.

4. The system of claim 1 when the selected integration
process 1s a recursive type integration process, the frame
memory stores prior output frames, and

wherein when performing the selected integration process,
the integrator integrates the pixel of the current frame
with a corresponding pixel of at least one of either the
prior output frames or an accumulated multi-frame
equivalent of the prior output frames from the frame
memory.
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5. The system of claim 1 wherein the frame processing 6. The system of claim 1 wherein the mtegrator scales
system, the input device, the output device, and the target size pixels from a current frame by the integration factor and
discriminator are located on an aircraft, and scales pixels provided by the integrator source selection ele-
wherein the mnput device 1s one of a high-resolution camera ment by one minus the integration factor.

device, an 1infrared sensor device, an RF sensor device, 5
or a thermal 1imaging device. * k% k%
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